Fresh-cut fruit industry has seen tremendous growth in recent years. The present study was designed with the objective of studying the sensory quality of fresh-cut apple slices that were treated with different antibrowning agents, packed in three types of packaging materials and subjected to vibration treatment to simulate commercial transportation. The slices were treated with two commercial antibrowning agents [NatureSeal (Mantrose-Haeuser Co., Inc., Westport, CT, USA) and Ever-Fresh (Kraft Foods, Inc., Rye Brook, NY, USA)] at 5% (w/v) application rate. The treated slices were packaged in 5 oz polystyrene rigid container, 2 lb polyethylene bag or 2 oz polyethylene bag. A nine-member trained panel and a 100-member consumer panel evaluated the treated slices for selected sensory attributes. The trained sensory small panel found minimal difference in the fresh-cut slices in comparison with the control (non-vibrated) sample, with the slices treated with NatureSeal better in quality than those treated with EverFresh. Case positions (bottom, middle or top) within the vibration stack did not affect the quality of the slices significantly; similar results were found from the consumer panel sensory evaluation. The consumer panel evaluation results showed that the slices treated with NatureSeal were better in sensory attributes of colour, texture, flavour and overall acceptability.
INTRODUCTION
Fresh-cut produce is defined as any fresh fruit or vegetable or any combination thereof that has been physically altered from its original form but remains in a fresh state. 1 Fresh-cut produce also called 'minimally processed' has two main purposes: (a) keeping the produce fresh by extending its shelf life without losing its nutritional and sensory quality or compromising product safety and (b) ensuring a product shelf life that is sufficient to make its distribution feasible within the region of its consumption. 2, 3 Fresh-cut produce is one of the fastest growing segments of the food industry in the USA. 4 Quality factors for fresh-cut products include visual appearance (freshness, colour, defects and decay), texture or firmness, flavour, nutritive value and microbial safety. 5, 6 Many of these quality attributes are susceptible to negative change during shipping and distribution channels.
From the consumers' perspective, colour or appearance is the most important quality; if the colour of a fresh-cut product is not attractive or of acceptable quality, the consumer is less likely to purchase it regardless of its excellent texture, flavour, taste or other quality attributes. 7 Therefore, in addition to acceptable physicochemical properties, high level of sensory quality is a prerequisite for successful marketing of fresh-cut fruits and vegetables.
Post-processing, distribution logistics for fresh-cut apples present significant challenges in maintaining the optimum quality. In the USA, most of the processors are located near the centres of crop production, and processed products are shipped as far as 2000 miles by the national processors. 8 In addition to the processing operations, fresh-cut products are also subjected to stress during the physical action of transportation, such as continuous vibration.
Most of the past studies on fresh-cut apple slices have focused on the determination of instrumental colour sensory or microbial quality as affected by antibrowning or sanitizer treatments, [9] [10] [11] [12] whereas vibration impact studies have focused mainly on the whole 13-15 package performance or optimization 16, 17 and vibration dynamic or models. 18, 19 However, there is little, if any, documentation on the effect of vibration impact during transportation on the sensory quality and the consumer preferences for fresh-cut apple slices in different types of packages.
Our objective was to investigate the impact of simulated transportation and package type on the sensory quality of fresh-cut apple slices pre-treated with two antibrowning treatments.
MATERIALS AND METHODS
Empire apples treated with 1-methylcyclopropene (1-MCP), an ethylene inhibitor, and stored under controlled atmosphere conditions for approximately 8 months were purchased locally.
These apples were harvested at the same maturity stage. The reason for using 8 month stored apples was that the fruit must store well and be available throughout the year to meet the freshcut processors' demand.
Slice processing
Apples were washed using tap water and then dipped in Fruit & Vegetable Wash (SC Johnson Professional, Sturtevant, WI, USA) for 5 min at a concentration to yield 160 ppm of available \chlorine. Apples were then sliced using an automatic corer/slicer (Bock Engineered Products, Inc., Toledo, OH, USA) with a 10-cut blade. Cut slices were dipped in the antibrowning treatment solutions (5 g 100 ml −1 ) for ~30 s. The antibrowning treatments used were NatureSeal, calcium salt of ascorbic acid, and Ever-Fresh, with ascorbic and citric acids as main ingredients.
NatureSeal is a widely used antibrowning treatment, 11 whereas Ever-Fresh is used in food service applications. The treated apple slices were packaged in 5 oz polystyrene (PS) rigid container, 2 lb polyethylene (PE) bag or 2 oz PE bag. Table 1 shows package weights, packages per case and case dimensions.
To allow gas exchange with the external environment, which was comparable to the commercially available microperforated packaging materials, an initial test was done, and appropriate numbers of pinholes were made on each package (Table 1 ).
[Insert Table 1 ]
Packaging and vibration impact
A total of 20 cases, 10 each for control and vibration treatment, of each package type (shown in Table 1 ) were prepared for the slices treated with both antibrowning agents. The packaged slices were stored at 4°C for 24 h before vibration testing that was conducted at room 
Statistical analysis
All data were analysed by analysis of variance using SAS software, version 9.1 (SAS Institute, Inc., Cary, NC, USA). The separation of means or significant differences was made by Tukey's Honestly Significant Difference, and the statistical significance was defined as p < 0.05.
RESULTS AND DISCUSSION

Trained panel sensory evaluation
Sensory evaluation by the trained panel showed that the NatureSeal application preserved the appearance of the apple slices and that the vibration testing did not produce any detectable changes in the apple slice quality ( Table 2 ). The overall appearance and browning scores for the samples in rigid containers, which were treated with Ever-Fresh, were significantly higher (representing greater difference from control) after vibration testing in the top case position compared with that in the bottom position. Because cases on the top do not have as much weight on them, they could potentially have the greatest amount of movement during testing.
This indicated that any quality changes due to vibration were not severe. Except for the slices in the middle case position in the 2 lb PE bags evaluated on day 10, no significant differences in the degree of browning or overall appearance were observed regardless of the antibrowning treatment used or the other two case positions. This was due probably to the fact that during vibration, slices in the middle case position bags were hitting against cut-slice edges on both sides in the top and bottom position bags; this may have resulted in some tissue damage to initiate browning. It is noted that variation in apple slices, both naturally occurring and as a result of small process variation, can have some effect.
[Insert Table 2 ]
Consumer panel sensory evaluation
Colour. The non-vibrated (control) slices treated with NatureSeal had significantly (p<0.05)
better colour scores, 6.53 to 6.80, than those treated with Ever-Fresh, which ranged from 3.99 to 4.58 (Figure 1) . None of the Ever-Fresh-treated samples (control or vibrated) were in the acceptable quality range (sensory colour score of 5 or less was considered the limit of acceptable quality). Package type had minimal effect on colour scores for the NatureSeal-treated slices, whereas the Ever-fresh-treated slices in 5 oz rigid PS containers fared better than those in the other two packages; probably, 5 oz package's rigid construction provided extra protection.
In general, there was slight colour deterioration, although not significant (p<0.05), as a result of vibration treatment regardless of antibrowning treatments or type of package.
Texture. With the exception of the slices in the 2 lb PE bags, vibration of slices within each antibrowning treatment had no significant effect on texture as compared with the non-vibrated samples ( Figure 1 ). Texture scores ranging from 6.15 to 6.57 were observed with NatureSeal across the three package types, with the highest degree of preference (6.57) in the PS rigid container followed by the 2 oz and 2 lb PE bags, respectively. Slices treated with Ever-Fresh had texture scores ranging from 5.28 to 5.94. Again, highest texture scores were obtained with samples packed in PS rigid containers. However, Ever-Fresh was consistently less effective in maintaining texture than NatureSeal in all the three packages. Overall, the slices in the 5 oz PS rigid container had the best texture scores as compared with that of the two other package types.
The apples used in this study were pre-treated with 1-MCP; Perera et al. 22 reported that 1-MCP treatment was effective in reducing ethylene production, respiration and loss of firmness of slices when applied to whole apples directly after harvest.
[Insert Figure 1] Flavour. There were no significant (p < 0.05) differences in flavour scores either between the two antibrowning treatments or as a result of vibration impact (Figure 1 ). The best flavour score of 6.13 was observed in the NatureSeal-treated slices in the 2 oz PE bags that were subjected to vibration; in comparison, the Ever-Fresh-treated and Ever-Fresh-vibrated slices in 
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Overall acceptability. Consistently, higher overall acceptability scores were observed for the NatureSeal-treated slices in all three types of packages ( Figure 1 ). Among all package types and antibrowning treatments, the lowest overall acceptability scores were found for the slices packaged in the 2 lb PE bags. The vibration treatment had a minimal impact on apple slices regardless of the package type or the antibrowning treatment used. The overall acceptability scores lower than the limit of acceptability (i.e. <5) were observed only in the Ever-fresh treated slices in the 2 lb PE bags, for both the control (4.91) and vibrated samples (4.65).
Sensory quality of fresh-cut fruits can be further improved by the use of modified atmosphere packaging.
24 Figure 2 shows the frequency distribution of overall acceptability scores for the fresh-cut apple slices in three types of packages that were subjected to vibration. For the NatureSeal treated apple slices, 79-88% respondents rated overall acceptability at a score of ≥6, which is a significantly higher proportion as compared with the Ever-Fresh-treated slices where only 55 76% panellists gave a score of 6 or higher.
[Insert Figure Overall acceptability score Figure 2 . Frequency distribution of the overall acceptability score of the consumer panel sensory evaluation. NS, NatureSeal; EF, Ever-Fresh; PS, polystyrene; PE polyethylene.
